ABSTRACT
INTRODUCTION
odern portfolio theory (MPT) postulates that in an efficient capital market, the market capitalization of any asset accurately reflects its intrinsic worth, relative to other assets in the market portfolio. Market capitalization has become the standard indication of firm size in financial markets. Broad equity market indexes such as the Standard & Poor (S&P) 500 Index in the United States of America (U.S.) and the All-Share Index in South Africa also estimate constituent weights based on their respective market capitalizations. Tracking the performance of a cap-weighted index incurs low rebalancing costs as the weights of the constituents in the index are self-adjusted through their respective market prices. The applications of the capweighted indexes are not without criticism. Due to their price-sensitive nature, the cap-weighted indexes cease to be mean-variance efficient in the presence of investor overreaction. In a market where investors overreact to the arrival of new information, systematic overshooting of asset prices result in cap-weighted indexes incorporating more overvalued assets and less undervalued assets (Arnott, Hsu and Moore, 2005) . Noise Trading based on information that is already reflected in the asset price introduces unnecessary volatility without contributing to the fair valuation of the asset. The more prices fluctuate independently of the changes in the fundamentals, the greater the drag in the cap-weighted indexes (Hsu and Campollo, 2006) . Arnott et al (2005) propose the use of price-insensitive measures of firm size such as book value, revenue and cash flow that are exempt from inefficient capital market pricing. These measures reflect the fundamentals underlying the firm's intrinsic value. Fundamental indexes formed by these measures are better reflections of the performance of large established firms in capital markets. © 2012 The Clute Institute Motivated by the argument of potential inefficiencies associated with cap-weighted indexes, we investigate the risk-adjusted performances of fundamental-weighted indexes relative to that of the cap-weighted indexes in the global equity market over the examination period from 1991 to 2008. We construct fundamental-weighted indexes using the average values of trailing 5-year book value, earnings, dividends, sales and cash flow as the indication of firm size based on a monthly rebalancing method. On the other hand, the cap-weighted indexes are constructed using market capitalization as an indication of firm size. We investigate the effect of index concentration on index performance by forming indexes with 200, 100, 50 or 30 constituents respectively. If investor overreaction is present in the global equity market, we would expect more concentrated cap-weighted indexes to underperform less concentrated cap-weighted indexes due to noise trading. Such effect is not expected to be present amongst fundamental-weighted indexes due to their price-insensitive nature. Observing the risk-return characteristics of different size proxies provides insight into the influences of different firm size measures for pricing global equities.
LITERATURE REVIEW
The market capitalization of a firm is a price-sensitive measure which self-adjusts to incorporate the dissemination of information relating to the efficient pricing of a firm's stock. As a result, investors have no preference over firms with different sizes and investment strategies formed by firm size alone would not yield abnormal profits under the notion of the efficient market hypothesis (EMH). This proposition is first challenged by Banz (1981) who finds that small firms outperform large firms using market capitalization as a measure of firm size on the New York Stock Exchange (NYSE) over the examination period from 1936 to 1975. Evidence of a size effect is also documented by Brown, Kleidon and Marsh (1983) on the NYSE over the examination period from 1969 to 1979 as well as Bauman, Conover and Miller (1998) who conducts studies in Europe, Australasia and Far East (EAFE) regions as well as Canada over the examination period from 1986 to 1996. When market capitalization is incorporated in the 3-factor model of Fama and French (1993) , it is found that the factor related to firm size statistically significantly contributes to the explanation of portfolio returns formed by different investment styles. Arnott et al (2005) promote the use of fundamental indexes as proxies to represent the performance of large firms in the capital market. Fundamental indexes are price-insensitive and hence should not exhibit the size effect documented in empirical literature. Siegel (2003) argues that fundamental indexes provide investors protection against the impact of speculative bubbles. Speculative bubbles such as the tulip bubble in the 17 th century or the technology bubble in the late 1990s are created by irrational investors who continuously bid up prices in the hope that the fundamentals would eventually justify their prices. Contrasting the EMH which regards all price increases to be justifiable, the weight of a constituent in a fundamental index does not increase with its price until it is proven to be fundamentally viable. Arnott et al (2005) employs book value, cash flow, sales, employment and dividends to construct fundamental-weighted indexes of 1,000 companies in the U.S. equity market over a 43-year period from 1962 through 2004. They find that the returns produced by the fundamental indexes outperform both the S&P 500 Index and the cap-weighted benchmark constructed from the same sample statistically significantly. The sales-weighted index achieves the highest annual geometric return of 12.91% over the examination period, which is 2.38% higher than the S&P 500 Index (10.53%), and 2.56% higher than the cap-weighted benchmark (10.35%). Arnott et al (2005) further construct a fundamental-weighted composite index that includes book value, cash flow, sales and dividends jointly to provide a more accurate assessment of the firm size of the sample stocks. The average values of the four attributes are used as the score to determine the relative weights of the constituents in the composite. The results indicate that the fundamental composite index outperforms the S&P 500 Index and the cap-weighted benchmark by 1.94% and 2.12% per annum respectively. When the performance of the respective indexes are evaluated on a risk-adjusted basis, it is found that the fundamental indexes and the fundamental composite index offer better returns with more or less similar levels of volatility as the cap-weighted benchmark. With the exception of the dividend-weighted index, the fundamental indexes and the fundamental composite index achieve more than 50% for their information ratios over the examination period. The fundamental indexes and the fundamental composite index are also more liquid compared to the cap-weighted benchmark in that their portfolio concentration ratios are lower and portfolio turnover rates are higher than the cap-weighted alternative. When the relative performances of the indexes are evaluated over the sub-periods, it is found that the underperformance of the capweighted benchmark relative to that of the fundamental indexes are robust across different phases of the business cycle and different interest rate regimes. Estrada (2006) extends the research of fundamental indexation to international capital markets with an additional objective of determining whether there exist additional benefits of international diversification for fundamental-weighted global equity indexes over the examination period from 1973 to 2005. The 16 countries that comprise the research sample include Australia, Austria, Belgium, Canada, Denmark, France, Germany, Hong Kong, Ireland, Italy, Japan, Netherlands, Singapore, South Africa, the United Kingdom and the United States of America. A dividend yield-weighted fundamental index is constructed from the equity market indices of the 16 countries in the sample. The benchmarks used to evaluate the performance of the dividend yield-weighted index include the DataStream World Market Index and the cap-weighted composite of the 16 equity market indexes. The results indicate that the dividend yield-weighted index outperforms the benchmarks in terms of the cumulative returns over the examination period, with slightly higher monthly volatility, but slightly lower beta than the capweighted benchmark. The dividend yield-weighted index also outperforms the benchmarks on a risk-adjusted basis in that it achieves a higher return-to-volatility ratio, a lower worst month return and a higher best month return compared to the benchmarks. Although the dividend yield-weighted index appears to weigh the component country indexes more evenly than the cap-weighted index, no significant improvement in portfolio volatility is found in the study. Estrada (2006) concludes that while fundamental-weighted indexes appear to be more mean-variance efficient than cap-weighted indexes, no further international diversification benefits can be explored through fundamental indexation of global indices. Kaplan (2008) criticizes the merits of fundamental indexation in that fundamental indexation inevitably introduces weighting errors by ignoring the future prospects of the firm contained in the market price. By allocating less weight to stocks that are highly priced, fundamental indexes might be just an alternative way to incorporate the value bias into the portfolio. In the opinion of Arnott (2005) , fundamental indexation is not just another way of constructing value indices since it enjoys the benefits offered by investing in small caps and value stocks and simultaneously avoids the capitalization bias inherent in large caps and growth stocks whose prices are overinflated as a result of noise trading. Hsu and Campollo (2006) also argue that fundamental indexation has the ability to under weigh stocks that are not growing their fundamentals, which is far from simple value investing. In addition, value indexes are generally not well diversified and do not provide broad market participation. Hsu and Campollo (2006) examine the performances of the U.S. fundamental indexes over the period from 1979 to 2004. They find that the fundamental indexes outperform their respective Russell value indexes. The fundamental indexes also outperform the cap-weighted S&P 500 Index during bull markets and expansionary economic environments, which are not achieved by the Russell value indexes.
RESEARCH DATABASE
To ensure that the stocks in major sectors in the global equity market are covered, the Dow Jones (DJ) Sector Titans Composite Index is employed as the database. The DJ Sector Titans Composite Index consists of the largest 30 international equities by market capitalization from each of the 19 second-tier sectors defined by the Industry Classification Benchmark (ICB). These sectors include automobiles and parts, banks, basic resources, chemicals, construction and materials, financial services, food and beverages, health care, industrial goods and services, insurance, media, oil and gas, personal and household goods, real estate, retail, technology, telecommunication, travel and leisure and utilities. The monthly U.S. dollar-denominated total return index, stock price, market capitalization, book value, earnings, dividends, gross sales and net cash flow for the constituents 
Where:
is the value of the attribute of the ith constituent in index X developed from attribute A at the beginning of month t. A is the market capitalization for cap-weighted indexes or the average trailing fundamental values for fundamental-weighted indexes; and n x is the number of constituents in index X. n x takes on value of 200, 100, 50 or 30.
One of the major advantages of cap-weighted indexation is that the constituents' weights are self-adjusted through stock price movements. The relatively lower trading costs associated with cap-weighted indexes have to be taken into account when comparing their performances with the fundamental-weighted indexes. We first compute the percentage portfolio turnover for index X in month t using Equation 2:
is the total number of stocks in the research sample in month t; w X,i,t is the weight of stock i in index X for month t; w ,i,t-1 is the weight of stock i, at the end of month t-1 after its price movement in month t-1 just before the rebalancing at the beginning of month t; and r i,t-1 is the returns of stock i; and r x,t-1 is the returns of index X in month t-1.
The portfolio turnover depicted by Equation 2 indicates the impacts of both buying and selling activities for an index. When ∆w i,t is positive, additional acquisition of stock i is required. By the same token, a negative ∆w i,t signals that a reduction in the holding of stock i in the index is required. The updating of the weights for sample stocks in an index depends on their performances relative to the performance of the index. Holding all else constant, an index constituent gains weight in the index if it performs better than the index in the previous month. This selfadjustment effect is taken into account when computing the monthly portfolio turnover using Equation 2. Based on this equation, the average monthly percentage index turnover is estimated using Equation 3: 
The maximum constituent weight is capped at 10% to prevent the indexes from being unduly concentrated. The Sharpe ratio measures the reward for bearing total risk (measured by the standard deviation of returns). The Treynor measure and Jensen's alpha, on the other hand, adopts the beta coefficient to measure systematic risk inherent in the index being evaluated. The beta coefficient is estimated using time-series regression as shown in Equation 6 , where the Morgan Stanley Capital International (MSCI) World Index is employed as the market proxy:
is the return on index X in month t; R f,t is the yield on the 3-month U.S. Treasury bill in month t; R m,t is the U.S. dollar-denominated total return on the MSCI World Index in month t; β X is the beta coefficient of the regression; and ε X,t is the regression residual in month t.
The regression intercept α X is Jensen's alpha that indicates the abnormal return earned above the required risk-adjusted return based on the capital asset pricing model (CAPM). Using the beta coefficient as the measure of systematic risk, the Treynor ratio is computed using Equation 7: Table 1 tabulates the basic risk-return performance statistics for the (1) MSCI World Index, the capweighted (CAP) indexes ((2), (3), (4) and (5)) and the fundamental-weighted (FNDL) indexes ((6), (7), (8) and (9) respectively). The first sub-period (1991 to 1999) represents an expansionary market. All of the indexes earn positive returns in the first sub-period. By contrast, the second sub-period (2000 to 2008) represents a contraction period with the crash of the information technology (I.T.) bubble in the early 2000s and the sub-prime crisis that led to the financial market crash in late 2008. All of the indexes earn negative returns in the second sub-period. The examination of the cost-adjusted returns of the cap-weighted indexes in Panel A of Table 1 reveals that the return of the cap-weighted indexes deteriorates as the degree of portfolio concentration increases in all examination periods. This result suggests that the small firm effect is inherent in the global equity market over the examination periods. This phenomenon is not detected for the fundamental-weighted indexes.
Comparing the returns of the cap-weighted indexes to that of the fundamental-weighted indexes with the same number of constituents shows that all the fundamental-weighted indexes outperform their cap-weighted counterparts in all examination periods. All cap-weighted indexes earn less return compared to the MSCI World Index over all examination periods. By contrast, the fundamental-weighted indexes earn comparable return over the first sub-period, but make substantially less loss over the second sub-period compared to the MSCI World Index. The resilient nature of the fundamental-weighted indexes is noted during turbulent times.
In terms of the average monthly portfolio turnover demonstrated in Panel D of Table 1 , the 10% cap placed on the maximum constituent weight introduces some portfolio turnover to the cap-weighted indexes. Although the cap-weighted indexes are subject to considerably lower portfolio rebalancing requirements and hence considerably lower transaction costs, they also earn considerably lower returns compared to their fundamental-weighted index counterparts. The returns on the fundamental-weighted indexes are slightly more volatile compared to the MSCI World Index as shown by the standard deviations in Panel B of Table 1 . The standard deviations of the cap-weighted indexes are roughly in line with the standard deviation of the MSCI World Index. The beta coefficients displayed in Panel C of Table 1 indicate that the beta coefficients for the cap-weighted indexes are slightly higher than average during the expansionary market and slightly lower than average during market contraction. On the other hand, the beta coefficients for the fundamental-weighted indexes are lower than average over all examination periods. Table 2 ) and Jensen's alpha (refer to Panel C of Table 2 ). The Sharpe ratios, Treynor ratios and Jensen's alpha for all the cap-weighted indexes are negative in the overall examination period. Once again, the negative relationship between the degree of portfolio concentration and risk-adjusted performance for the capweighted indexes is detected. On the other hand, no distinctive difference in risk-adjusted performance is noted for fundamental indexes with different degrees of portfolio concentration. The irrelevance of firm size for pricing global fundamental-weighted indexes is illustrated in Figure 1 , where the cost-adjusted returns and the standard deviations of the size indexes are plotted against the capital market line (CML) under the notion of modern portfolio theory over the examination period. The relative positions of the fundamental-weighted indexes with different degrees of portfolio concentration are not distinguishable. On the other hand, the cap-weighted indexes that are least concentrated (CAP200) is least affected by the capitalization drag relative to more concentrated cap-weighted indexes. Figure 2 plots the size indexes against the security market line (SML) under the notion of the capital asset pricing model (CAPM) in terms of their respective cost-adjusted returns and beta coefficients. Once again, the relative positions of the fundamental-weighted indexes cannot be distinguished while the strong positive relationship between the performance of the cap-weighted indexes and the degree of portfolio concentration is detected in this diagram. Using the beta coefficient as the relevant measure of risk for the size indexes, the fundamental indexes are exposed to lower risk but earn higher returns compared to the MSCI World Index. The fact that the fundamentalweighted indexes plot above both the CML and the SML and the cap-weighted indexes plot below both the CML and the SML provide strong evidence that fundamental-weighted indexes are more mean-variance efficient compared to the cap-weighted indexes. 
